Nano ceramics of pure TiO 2 and Dy 3+ , Eu 3+ and Tb 3+ doped TiO 2 are prepared by hydrothermal method and these are characterized by using X-ray diffractometer (XRD), UV-Visible spectroscopy, field emission scanning electron microscopy (FESEM), high resolution transmission electron microscopy (HRTEM), and photoluminescence spectroscopy. XRD analysis revealed that the average particle size of the pure TiO 2 and Dy 3+ , Eu 3+ and Tb 3+ doped TiO 2 are in the range of 45-35 nm and confirms the anatase phase. The FESEM and HRTEM analysis confirm that the obtained ceramics are in nano regime. The absorption spectrum revealed that the bandgap of the TiO 2 ceramics are in the range 3.14-3.2 eV. The PL analysis showed that the doping of Dy 3+ , Eu 3+ and Tb 3+ had improved the luminescence behavior than the pure TiO 2 nanoparticles. Overall, by doping 0.5 mol% concentration of rare earth (RE) greatly alters the structural morphology and directly influence the luminescence behavior of TiO 2 and suitable for advanced optoelectronic applications. The color purity of the studied samples is found to be 91% 
Introduction
Titanium dioxide (TiO 2 ) nanoparticles have drawn interest due to their attractive solar cell, electronic, and photonic properties [1] . They have an extraordinary potential in different applications, for example, water purification, solar energy cell (DSSC), photocatalysis and gas-sensitive sensors [2, 3] . Doping with rare earths (REs) and transition metals are utilized to change and enhance the action of titania under visible light [4] [5] [6] [7] [8] . Doping of RE ion indicated exceptionally encouraging outcomes as for improvement of photograph reactivity of TiO 2 . Recently, it was reported that by doping noble metals or transition metals in the TiO 2 matrix alter the surface absorption properties and improve the photocatalytic activity to a greater extend [9, 10] . Moreover, TiO 2 as a host material for doping metal ions have attracted lot of interest in order to achieve excellent luminescence behavior and photocatalytic activity [11] . Furthermore, by selective doping of RE ions into TiO 2 matrix, can slow down the recombination rate of electron-hole pair which leads to unique long lasting photo luminescent properties [12, 13] . Enhancing the luminescence behavior of RE doped semiconducting materials is a key factor influencing their practical applications.
Many RE ions like Eu , Tb 3+ and Nd 3+ [14] were doped into the TiO 2 to alters the emission in the UV to red region. Among other RE ions, the dysprosium ion (Dy 3+ ) doped materials cover fascinated to a great extent attention due to their white light emission by adjusting the yellow and blue emission [15] . Nevertheless, the emission is not completely controlled by the Dy 3+ ions, the emission band may be altered base on the host crystal structure [16] because, the host lattice plays a significant role in altering the photo luminescence properties. In addition to that due to the large mismatch in the ionic radius between Dy 3+ and Ti 4+ and the charge imbalance, it is believed that the incorporation of Dy 3+ ion into the lattices of TiO 2 is very difficult. From the literatures, it is clear that the luminescence property also depends on the preparation methodology [17] . RE doped materials can be synthesized using combustion method, pulsed laser deposition (PLD), chemical co-precipitation, forced hydrolysis and sol-gel method [18] . The hydrothermal method has been noticeable among all other methods; due to its capability to give materials of better morphology that is the main criteria in getting better enhanced emission. An incredible measure of research has been done to improve the hydrothermal method by hybridizing this technique with numerous different procedures. This effortless method does not require any catalyst, seed, unsafe and costly surfactant or layout along these lines it is potential for vast scale and ease generation with high superior quality of crystals [19] . Now in the present manuscript, we had modified suitably to justify the reason for selecting TiO 2 as host material for RE ion for luminescence applications. From the structural perspective, we require an adaptable and stable host which will maintain the supplanting of the inside cation with the coveted metal particles with no extensive changes in the host grid. Various studies have been recognized on the synthesis and optical characterization of Eu + 3 doped TiO 2 with the objective of enhancing the luminescence of the Eu + 3 ions by energy transfer from TiO 2 . It has been conveyed that the semicrystalline, mesoporous TiO 2 films are perfect matrices for combining Eu + 3 ions in which the sensitized photoluminescence [PL] emission is because of the energy transfer from the TiO 2 to Eu + 3 ions in an TiO 2 region [20] . In the present research, we found that at low concentration dilution of RE ion can easily replace the host system and becomes a perfect energy transfer system. To the best of our knowledge, very few studied the effect of Dy 3+ concentration in crystalline phase and Photo luminescence behavior of TiO 2 4 was added drop by drop into the mixed solution to enhance the solubility to form a transparent solution. Moreover all the mixing has to be carrying out in the temperature range of 80-90 °C approximately to improve the solubility among solutions. Then the pH of the transparent solution was adjusted to 7 by adding Ammonia. Then the solution was aged for 12 h at room temperature, and then transfer the solution to 100 ml capacity autoclave Teflon lined stainless steel, by filling 3/4th of its quantity with reaction media (i.e. deionized water). The autoclave was heated at a temperature 160 °C for 12 h. The solution was then allowed to cool at room temperature the obtained residue is treated with deionized water and ethanol, dried the product at 40-50 °C temperature for 20 min to evaporate organic solvents and water. The white pure/RE doped TiO 2 nanocrystals are obtained as an end product was calcinated at 400 °C for 4 h. The same synthesis procedure is used to prepared Eu 3+ and Tb 3+ doped TiO 2 .The flow chart of synthesis procedure of pure and RE doped TiO 2 is depicted in Fig. 1. 
Equipments
The obtained samples are characterized by the different spectroscopic studies. To known the crystalline phase of the nanoparticles are analyzed with the aid of X-Ray Diffraction (XRD) using Rigaku diffractometer with Cu target K α radiation (wavelength at 1.54 Å). The diffraction patterns were obtained with the angular range of 15° ≤ 2θ ≤ 90° in a continuous mode with scanning speed of 2.0°/min. The surface morphology of the samples was examined by a field emission scanning electron microscopy (FESEM) TESCAN-MIRA 3 LMH, 2014 and transmission electron microscope (TEM) model JEOL JEM 2100 dual instrument with a discipline emission gun running at 200 kV. The absorption spectra of the synthesized samples have been studied by diffuse reflectance spectroscopy SIMADZU-UV-1800 in the range of 200-1100 nm. PL measurements had been executed at room temperature, the emission spectra were recorded with Fluorescence HITACHI-F-2700 Spectrofluorometer, equipped excitation source with a 150 W Xenon lamp. Figure 2 shows the XRD pattern of pure TiO 2 and Dy 3+ , Eu 3+ and Tb 3+ doped TiO 2 nanoparticles annealed at 400 °C for 4 h. The XRD pattern shows corresponding crystalline planes (101), (004), (200), (105), (211), (213), (116) and (215) Table 1 . From the result of Table 1 the average crystallite size was seen to be slightly decreases with changing the dopant, these decrease in the average crystallite size can be ascribed to the fact that RE doping slows the growth of TiO 2 [24] .
Results and discussion

Microstructure analysis-XRD
Further, crystallite size and micro-strain are estimated from the Williamson-Hall plots (W-H plots) based on Eq. (2) [25] by plotting a graph with respect to (w.r.t) 4sinθ (X-axis) and βcosθ (Y-axis), the W-H plots are shown in the Fig. 3 . The calculated crystallite sizes were well matched to those estimated using Scherrer's relation but a small increase in the crystallite size can be due to the concern of strain aspect in W-H method. It is also noted that the micro strain is different for pure and Dy
3+
, Eu 3+ and Tb 3+ doped TiO 2 .
( where ' β ' is observed Full Width Half Maxima (FWHM), ' θ ' is the Bragg's angle, 'k' is the Scherer's constant, ' λ ' is the wavelength X-ray used, 'D' is the crystallite size and ' ε ' is the strain present in the crystal. Stain (ε) = β/(4cosθ), as per the equation strain increases w.r.t. the increase in FWHM and the same is reflected in Table 1 . Size-strain plots technique is generally measured for the isotropic nature of the crystal structure. It is expected that the crystallite size profile is called by a Lorentzian function and the size-strain profile by a Gaussian function [26] .
where K is a constant that depends on the shape of the particles for spherical shape particles it is given as ¾. The term d hkl hkl cos 2 is plotted with respect to d 2 hkl hkl cos . For all orientation peaks of RE doped TiO 2 with the anatase tetragonal phase from 2θ = 15°-80°. The plots are presented in Fig. 4 . The strain of the crystallite size is obtained from the slope of the y-axis intercept. The error in the W-H plot to calculate the strain and particle size is found to be 0.01.
From literature it is found that, when the concentration of RE increases from 0.1 mol% to 1 mol%, the periodic crystal lattice of TiO 2 get strained and the maximum
solubility limits for Eu 3+ , Tb 3+ and Dy 3+ and is found to be 0.5 mol%. Further increase in the concentration of dopant above the solubility limit it shows a decrease in both the strain and the lattice constant [27, 28] . This may be due to the arrangement of Dy 3+ , Eu 3+ and Tb 3+ on the crystallite surface or interstitials of TiO 2 nanocrystals. It is evident from the graph that the position of (101) It is also observed that the positions are almost invariant and is around 25.22° for all RE doped TiO 2 . This indicates that the incorporation of the RE dopants is responsible for shifting in peak positions [29] . The amalgamation of RE in TiO 2 lattice results in deformation of the lattice arrangement by dislocating Ti 4+ ion due to mismatch in the ionic radii between RE and Ti 4+ [30] . The powders formed showed tensile strain that may be due to the grain growth and densification. Lattice constants varied with incorporation of different RE and are shown in Table 1 . Unit cell volume and lattice constant 'c' of anatase phase increased with the change of RE dopant where lattice constant 'a' remain approximately constant. This may be due to the increase in crystallite size and crystallinity of the TiO 2 anatase phase. 
Morphology analysis-FESEM
Morphology analysis by TEM
The TEM image of the RE 3+ :TiO 2 nanoparticles was shown in Fig. 6a-d . High resolution lattice fringe image confirmed that the sample as comprise of associated crystalline titania nanoparticles leaning generally in one direction, corresponding to (101) interplaner spacing (d 101 = 0.352 nm, d 004 = 0.243) of anatase TiO 2 phase strongest intensity in selected area electron diffraction (SAED). The SAED images taken from these nanocrystalline particles are in Fig. 6a-d 
Optical analysis by UV-visible spectroscopy
In order to determine the nature of the optical band gap as either direct or indirect, consider the variation of the absorption co-efficient with energy [31] . Figure 7 shows absorption spectra of the Dy 3+ , Eu 3+ and Tb 3+ doped TiO 2 nanoparticles clear observations determines that the absorption spectrum slightly shifted to blue region and is attributed to the quantum size impact. These confirmed that Dy 3+ , Eu 3+ and Tb 3+ dopant did not give to new spectrum phenomena and will inhabit the increases of anatase crystallite. Kubelka-Munk function [15] was applied with the purpose to transform the diffuse reflectance to absorption co-efficient ( ) from Eq. (3).
where K and S are absorption and scattering co-efficient, the reflectance R ∞ is
The use of the Tauc relation ( h ) = a h − E g , the value of direct band gap E g of all the sample had been calculated. In this relation 'α' is absorption co-efficient, 'h' is Planck constant, 'ϑ' is frequency of the light and E g is the energy band gap. The power co-efficient ' ' is characteristics of the sort of transition and = 1∕2 for direct or = 2 for indirect allowed transitions of the semiconductors [7, 32, 33] .
In Fig. 8 shows the ( h ) 2 versus E (eV) plots for the direct band gap transition for pure and 0.5 mol% concentration Dy 3+ , Eu 3+ and Tb 3+ doped TiO 2 , where E g (bandgap) is obtained through extrapolating the linear part of the curve to meet the x-axis. 
Photoluminescence analysis
Photoluminescence spectroscopy is a tool to records about the photoelectric and electro-optic characteristics of nanomaterial, Figs. (9-11) [37] [38] [39] . Visible luminescence of Tb 3+ was predominantly It has been proven that the spectral distribution was significantly dependent on the amount of terbium, when the concentration of Tb 3+ was low, emissions from both of the excited states are observed in most Tb 3+ activated phosphors. In the case of Dy 3+ :TiO 2 Fig. 11 have also three emission bands at 378 nm, 470 nm and 565 nm [40] . It was found that when the (Dy 3+ :Eu 3+ :Tb 3+ ):TiO 2 , at 0.5 mol% concentration, the periodic crystal lattice of TiO 2 gets strained. Therefore Dy 3+ :Eu 3+ : Tb 3+ might have preference for substituting the Ti ions in the lattice and eventually generates number of oxygen vacant sites in host TiO 2 nanoparticles [41] . These oxygen vacancies might be useful to enhance the emission behavior of rare-earth ions by acting as sensitizers for efficient energy transfer from charge transfer state to Dy 3+ , Eu 3+ and Tb 3+ ions [42] . Moreover above 0.5 mol% of Dy 3+ , Eu 3+ and Tb 3+ emissions were completely due to 
Color chromaticity coordinate
As to shading, the human visualization reacts to trichromatic lifts on the virtual cortex, assessed by the Commission Internationale de L'Eclairage (CIE) [45, 46] in three coordinating limits powerful spectral bands, A (λ), B (λ) additionally C (λ), open as free-get to tables. Chromaticity outline is a graphical portrayal of tristimulus values, which describe conceivable colors, shaped by a triangle with vertices controlled by colors value [47] . The 'A' and 'B' CI facilitates for the fluorescence emission of TiO 2 in different REs were figured by Eqs. (4) and (5) from their x, y and z tristimulus integrations of Eq. (6) (7) (8) . Using photoluminescence results it is conceivable to make a graph of integrated PL intensity for each dopant as appeared in Fig. 13 .
The chromaticity diagram The growth in PL intensity for all doped sample is because of the self trapped excitations recombination which is a blended effect of defect centers generated from oxygen vacancies and particle size. Dy 3+ doped TiO 2 at 345 nm excitation a CIE chromaticity coordinates value x = 0.32 and y = 0.35 generates clear white color. The color difference observed in the CIE graph probably is due to photophysical characteristics of different dopant environment with mol% concentration of material network structure. This result clearly indicates that by doping Dy 3+ ions can be an effective process for the development of high 
Color purity
The color purity is a numerically based color co-ordinate system used to authentify the nature of the hue of the nanophosphor and is calculated by following Eq. 9.
where (x, y) are the co-ordinates corresponding to sample point, (x ee , y ee ) are the co-ordinated of illumination points and (x d , y d ) are the dominant wavelengths. The variation of color co-ordinates is shown in the 
